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DINERVATED ASmFU 



.TISSUES AMD USES THEREOF 



10 



ABSTRACT 



tbe present invention proFvides an in v^o three dimensioB8l> umervated artificM tissue 
comprising a Mo-siyaflietio naattix vAdm siqiports cell getswih, inclttding epithdial and 
endo&elial svr&ce coverage and threcn iunen^onal cell in-growtb, as well as nervQ in-gn>wdL 



and 



inedbukdsdfinnervQiingartifidaltism OTtl88iieaiAalitiites4TIieFi^e^ 
pzovidea for ^ use of tiie ertifidal 4b8 ^ fi» »s vio-o testing of various pliot^rfi^ rfil^ cosnifific 
and household products. 
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SIEKiDpF THB INVENTION 
The pna«tfav«tian potato to liie gA of tissue eagmccriag and inpaiticulBrto anhuiBrvated 

" — r 

MCKGROUND 

Tto tocHfimeMional c«Itu» of cells ieate In vttro ^h^^isyst^^^^^^ 
mma a«««dWtar «a«x is dc*«We|n ifaa devd w«. of suitable altm«ives to animda fir 



10 ^^««»»toiHdPat*atApplic.«onNo.P<^^^ 

cellar imcd^fl^employ hy4d3. U.S. PaU«tNo. 6,103.5287^^ 



15 ««wpiwdwto«l»ss«|«tfcii^ 



20 



requite functional nerve in-growtlu A ileed still ^Kte ^ . witttin^s 



25 



if 

I 

SIIMM^RY OF TUB INVENTION 
Anoiaect«fthap«s«^l.„^^^p^„,^^ 



A 

i 
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BRIEF DESCRIPTION (KP THE FIGUIIES 

F^m J d^ct$ liie general stnictuie oi^ teq>ol^er of l<I-isoi»iqp!ylBei;y]Biiiiile. (hflPAAnO; 
aciylio odd (AAc) and N-aci>Ioxysucei4iinide (ASD. 

i 

Ftpm 2 6tq^ (A) Tzanspaieot TE cdnea^vrith sanoundlng ling of opaque collagen (*). Ber, 1 

cm-DROvrereeWierpIaoodwiadaliiaLrafiaoriathesumn^ 

bundles of PBuiites coiuaa Iteough the imiea! st^^ 

30 mn. Inset shews cone^ponding dsa| stromal nerves seen by In vivo coofocol nderoaoopy 
Mithin the human cornea. Ftom the strc^ nerves htaaeh to fbim a sub^jtfuliid plexus in boih 
the fiMoated cornea (C) and Imman (inset). Bar, 20 pm. (D) Smooth (airowhead) and 
siniJe beaded nerwo fibres (amw) that Wale into the 
P«vi«iua|y«jKat«dInlii^ 

anqiiil«ittacettii,ltoTEco*nea.Afit*ohondri^ 

be ^een. Bidf. 0^ um. HItfier raMfnagofflcaiteirfBnervoi^ 
c«« in theTC<»niea, with dense (whteaiw^ 



IS ceU 
0.4 |tm. 



J^iW!j*a*toMn«flhre3groTvii.g|nloaTBcon««W 
v«k«n4itti.n«mxfflan«itt Brtlbo<|jrn^w«w^ 

Bar,15|im.(QB»am«plBOfaww,unliibhaetedtafieevoI^^ 

pulsedeiivBredtothegaagUonceUc!»fet«,iniutMdDgah«8»6^^ 

actionpotenlialoocumng near the top|cairaw)-(D) Subtraction offh^ 

hdocaine application isolates the con^«ctionpotentM(ai^ 
miq>Iiludeafabom26|iV. ( 

l^*w^deplcls (A)Non»ali«dtMa|heaHag(d«^ 

cacumiference (mm)) for TE comeas fifli and wilhout DRO. At 6. 12aiid 18 hootsto is 
significantly fester wound heaJ ing for teomeas with DRO- Qnaaas widi DRG and oontids. n - 
16. *P <0.05 versus «aarol (2.way ANOVA). (B) Epithelial ceH prolifcmtiaa in wounded 
conuaawithaod vsthout innervatioaThepercemag* ofBnlU.positive epitheKd cells was 
agniffcantly 8R»ter in innervated corneas compaied to non-innervated controls at 0. 6 and 24 

3 
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20 



homs. The percentage of BrfU-podtive iSeHk vrathin each treatment gtotip did not increase over 
time post-wowiding, indicating ^at egaSmial cell proliferation did not inoiease In the fitst 24 
horns post*ii4iuy. All granps, n » 3. *P "1 0.05 vanus eontrob ANOVA). (Q SP idease 
ovw tinw fixm innervated cotneas tieatep vrtih 1% 

release of SP was significanfly greater a^'l. 3, 6, 12 and 24 hours in cqiaaiciii tieoted otaneaa 
compared to controls. All groups, n - 3.f*P < 0.001 versus control (Z-way ANOVA). QX) 
nonnalized SP release fiom innetvaled isomeas treated with 1% capsaicin or 50 nM veiatridine 
VWSU8 controls at various time Intervals^^ost-treatnusat. A aignificam increase in SP tdease was 
otservBd at 6 and 24 hours post-treatniriit fer aqisah^ 

treatments compared to contiols. AH gi, jups, a - 6. *P < 0.05 versus control O-wagr ANOVA). 

J^H«r S depicts Ian«rvatcd TB cornea [a) and a non-inncrvated conind (B) treated vMi 
deteigent and stained with live/dead stakcefhidiumteomide and acri^ 
dead calls; areea indicates live ceUa. B^. 50 pm. (Q Whole mount confbcal microscopic imai» 
15 of«™(«nrwheads)a«dWoodve»^,Utestrnctures(an^^^ 

5aaoundingaTOoomea.Bar.20Mm.^Jte.vfl^netVBs»wthpatteas^rift^ 
(N-isqpropylpoI^^lamide) oomposife i«^*!v«d l^confi^alinieioswpy. Swrt«»neurites are 
Iabe]ledred.«ndneutites.nsideihepoAn«.laheMedff^ 
15 fim, zespectively. Bar. 20 rim. 

i 
I 

^ftww*depiotsaihre«Miin»en5i«aal e|*»*«lwl ceU cukure qratem. 

« 

/^lipve 7deplels an innervated co(nMa lad ^ 
25 ■FSf'W«preseiitstiiere8uItsfif«m:5yn|»Bt^o 

Figure 9 presents xba efifeets of g«>wtl|fiBt«s on aqgiogenesis. 

I 

i^gwrs iOpresenis the efliscts of Retinbl acetate an ang 

30 



\ 



4 



CA 02397376 2002-08-09 



10 



DETAILS^ DESCRIPTION OF THE INVENTION 

It dwuld be ua<teMtoodfl«tttbis invention is act limited to the 
m«et»Iadtodo«dh«in.b«i,«t««^to«q»iv^ 

«dia«ilysfciUedlaae«Jeva«tart8. Bf*oald also be understood th« temiinolofiy employed 
herda is fer the puw <>f descriHag i^ati^ 
Ixaiiting. i 



Tho tttm *T^droger as used hettln 

ahmty lo fiwdl in watw ^ 
dissolving. 



fts to » eioss-lintod polymeric mahrial viWc^ 

ieantpoitwm of watervniWtt its straetnK wfthont 



15 J^^"P^asu«dhe«ia«flL 

JTOnedtogeil»er.latecwatBxtoftl»oiL«itin««-^ . viauai moaomers 

together tpfiMamalwaadttdsttuetiire. I 



20 



25 



auMtomeis that axe joiaed 



&naa«aloagd>alnelthBratoiie«rtaLnAla«ionvrithoil«rrf^^^^ «»»««>abtoof 
apolyiaa; ? "^*"'*'^<^«'n>l«<WBMdcn»legnlM to yield 



lTietenn«co-pol3«ner"asus«Ihetein»fe«,toapo|smertto 

«oao»e..co.polyn,o«canbere4,«aon.r^rort^^^ 
ac<>pc^eriaMrtuchthenK,nonu«sLeatia 

n^co-poly^erinaylu^ascqXABA^t^rr^?' '"""^''^^^ 
iawMchU»e<li«fe«H«t«: ^ Axandomco-polKmerisaeoiwJymer 
m«flachti»edd8«»taww^«iea|»^ 

AABABBABBBAAB).lacoa.r«,aMockcp^„i3aco^oly«erla 
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monomers arc separated into discrete rej Ions vAUiia each individual polymer molecule (e-g. for 
monomecs A and B> a block co^polymer oiay have a sequence: AAABBBAAABBB). A grafted 
co-polymcr refers to a eo-polymer wWclJ is msde hy linldhs a polymer or polymeis of one ^ to 
a another polymer molecide of a dififemdt compositign* 

The tmn **bio.polymex^' as used herein ^fers to a naturally occuning polymer. NatoraHy 
occunhig polymcKs include, but are not gimiled to. proteins and csisbohydxatsfi. 



The rem '^synthetic polymer** as used 
10 and thai is produced by chemical or 




ze&m to a polymar diat is not natmally occurring 
syuthesis. 



tecOxnbinaut 



Ttetenn "bioactivc agent" as used teka to a aoleoule or compound promotes or 
fl«dlftiito«dlgKnMboiiorintoanf-«iilwarffidalfe^^ 

15 fiDagiD«i>tstliereo£ f 



INNERVATED ARtmOAL TISSUES 

IJie present invention provides innemLdwificMtiswesbased^ 
scafifoltfs vdiicb support cell and nerveLrowa. 

AMo^yml«^c mdciK aecordineto fljpt^ 



2S 



Wo-polymer. The oiatiix is capable of 
qrifteliai and endothelial suifaoe cov 
diiuensional <3D) cell in-gnKvUi. The 
such as growdi ftetors, ic^'mnda. 
can he covalently attached to fte 



porting serve fnrgrawth aiKl giow^ 

ge ile. two dunenamal, 2D, giowfli) and duee- 

c can fiutixer comprise one or mote biooetive agente 

lion feotora, laminin. and die like. Hie bioaetivc agent 

- '^''I«^y»«. or it May be encqraulated and dispersed 
v«aun*efinal matrix. T1»nat.ixn«yalsooompriaeceUs^ 

«*ich are capable ofpiolifiaatinffupoa exposure Inappropriate 



6 
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i.i ^ynAettcPofynur > 
and a dcdvalised «ari««vHc m»d co-mo^ 

A3 uscdhetein. an <'aoiyIaidlde derivJe" refers to aNJ^'-alkyl sutefitutedaoiyfamide or 

f 

sud. as cart»xylic acids. 4^a^ 
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I 




invanciaii a 9uodi>itiiidyl gfoup am to 4»Base the reactivity of the caibo3<ylic acid group to 

Examples of suartlederivatl5edcariu4lic«W 
Indude, but are not Uodted to, N-aeqilo^cysiiodiAaide. 

I 

0« sJcaied in the an «fll appredMe tbf the selection ami mtio of the compo^ats in the 
^opolynu^^bedq^ndenttoLaqipgdegxaes^ 

ttoa.y„a^c|«lymcTCOn«,rian8a|eri^ 




In one embodiment of tha pxwfiit i 
15 <>neaciylanddederiVBthre and one hvafflMMMe 

synflietiopolyintfisaeo««*mercoinfaiiriiiBN» ««i«™,Me 



^»^«»»»*™»«of«»p«esc«.ive«ti^ 

««bo^ieae«lco-nu>„omcr.h.a„a«L 
co.pri3«s^«PAA«mo„on.e..ac^M(^^ 

™.l.another«.bodh„e„,U»symhe.cpoW^ 

embodtoentofthep,e^i.,vantioo.^,e^ «^ 
n«.m».erandh^a«yl«Q^™ide^ta=tioofab^ »on«ner,AAo 



30 



8 
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^etic potymw. MetlK«i s ctos»4i4^ 

exmaple. tto uso of ctossJinking ageiWsuoh as N-CJHlimethyla^^ 
etiqrlcarbo<HinudB(EDC) aadN-hydfoxVsw^ 

liDkiQg 33(u>le^ (e-^. a primaty amine or^ UdoJ). 

Example, of suitable bte.poIyn,ers fe^^^^P^^v^doafacl^fe. M«Baot ftnltcd to 

^^g^.O«»^,cdialhe^artwm^^thatson,eof^ 

^— ^ 

the oidiaaiy skills ofavwMker in fte«f. ««««a » oe witlua 

* ''rVoratkmi^Aeaio.SyuaijL! Matrix 

-^Icnov^^thea^toco^lj^jHseofth^nu^^ 
^ti^ct^cpoljoner. Typically app„,pri^^^«^^ 

wallowed to prtK^ j 
<rfti™e.Ti„,,«„«i^ppl3«^^a^ ^^^^^^ 



lluisolvcntfertteco-polyn^cri^onU^^^ 
-^soh^S..ita«ea^«,..olv^ 



CA 02397376 2002-08-09 



boizenB). Ih cme emboduneat of the pi«^ iavoation. Ilia solvent ia a noa-aqueous solvent la a 
(doted enbo£inQiti tin solvait is dioxans. 



SuhaiUe po^ymajsadon initiatDis aie lapm in lha ait and are usually fieMadieal tn8H " 1 ws. 
5 Examples c)f5iiilaiMeinifi8toi9inclnd<%&m are aotli^ 

The HydiDgel can ba readily pi^wred hagmiadug appnpriste quantities df the synftetic and bio- 
pftlymen and allo^ die mbmae to g|l at a suitable temperature. Altanativdy, die mixture can 
beanowedtodiyBirfoan6ub8eqneiifly«»ie.lvdxatedpriortoi^^ 
be reqmiad to fiudlitate hydrogel fimna|oii as are loiovai m ^ 
fibrinogen as d»Wo^«lyiner.the8ddi«tt« of fluoa^ 
fibzingals. 1 



10 



13 



20 



25 



20 



If CMsaJinMag between the e^Wiftsdc a^^ 

afihiav«l usii« standard tcdaiT-3. M^ode af ««4Inldng polymars ar« ^-kn<«m in d.c art 
and include, for «canipl^ the nse of cnUKnWng age«tB soA asN<3.dim«ifltemiac«m)Hyl>N'- 
afl»,icart,odlnmde(EDC) aadN4qrdro|yHaccim»ide. AJtl.«u^,&rs^o^olyn^tt^ 
oontam pendant «ws-HnIdng groups. <|oss.linfcii««n be aclu^ 

amonBtaofsyirtl»elicaadbio-polymer.^room.en.peratttieinanapproprto^ Typi^ 

lliasolvaBtisaaaqae<n»sohrent.8ucbi.,aaalt3olution,b«fifer80lution,ceUcul „ 
adrtutad or modified version theieoE'&eaiaiiifi^ 
i«>r™i]y«sed for cell culture can ca..s{ride«^^ 

hnbne moieties, wUchcanresult in diLrsion of these eroupstad^ 

Use of amedium ftee of amino acids afd otl«r proteinacioua materials can Mpiop«va«ttfc«e 

s>dexeactioiwand,ti,ercfora.increasetiemm,bcrofcross.li^ 

andM*Kpcrf3mfir8.Coiiductiagii»cii«i^ 

Plqrsioloeical tampembms aUows boa|e«m.lJnkiag and the much slow hydrolysis of any 
um«actoisuccixdmidyl8ioi,»totalBe|laee.Ifaece«aq^ ^ 
teap«atw«ofd»«os^lirfcedpolymffrg»q,c„rfoncanbeiaisedtDfl^^ 



10 
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Ooc ddUed ia Ihft ait -will undeastaad th|t flie amoucat of each polymer to be included in tha 
bydrogel will be dependoit on tiie choi^ of polymers and the intended ^plication fbr 
hydrogd. In geiietaliiat)8ld£her)idtia| amounts of eat^p^ 

a mow robust gel due to the lower mrte t cottent. The preseaoe of omss^inks wfll also strengdten 
the hydiogel and alter its dastici^. In ^le eihbodinwiit of flio {assent inventian. Ac final 
iordiDgel contains about 95 % by wrigl4 of water, 

Tlie nialive amounts of «ach polymer & be included In the hydrogel aimilariy wHI be dependent 
cmAetn»eof,yntl«ticpolsnnerandhi|^»^y^ 

for the hydrogel. In o«e embodiment o|the present Imrentlontto ratio tfig^ 
polymer is betweanl : 1 audi : 3. < 



Bioaistive agents can be c^tioaaUy incipofatBd into the matrix eiflier 
-grafting") tD the Bywheac polymer through thapeodamctOBfrJi^ 



15 -1 

en c aps nh d i omwaiin the auttifac. ( 

t 



TVhentl«WoactiveagentisB«iftcdo4o.hep^ 

cn,s^Hnkin«gR,,,onthe synthetic pcflynu* or it can be crosfi^toto^ 
polymer by means of a cross-linking a|eot such as N-(3 -dimctlylaminopcoRyl>.N'- 
ethylcarbodiimideCEDC) andN-l^rdrlyBucciniaide. For covd«,t attachment of a bioactivp 
«g«^.Bn»au«cpoty»cris««*»|^ 

Taqni«edandftansubsc«p«mlyctossJ|iJK^tothebio-poly^^ 

Bloa^iveagerrts Hicham not suitAllfi«.e«fti„gtolhepols««r^ 

matnx.Forenn^menUhebioactive Wis added toasolutlon Of the ^tlwtiepoiymetinan 

Wropdate solvent prior to mixture oi the ^^thetf c polymer and the Wo-polymer to fom, a 

«08S*&ed l^eel. Ah^natively, t&e bioactiva agent can be added to a solution oomaining 

both fl.e,5«theticandbia,polyme« prior to fl^cross-link^ 

mto the polymer solution sudi that it is substantially unl&milydfi^^ 

lfl«i«ed is subs«inently Wd as d^bed above. App«^ 

11 
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HoacHva agent v^n be dependent on thrfptoperdes of tbe agoat and can be leadily datemiined hy 
one skilled in fhe ait 



A JEnttt^matte/t^iutheBiojiyiuhetteSfairix 
The Uo-qnOi^ niBtxix aeeoiding to t|e jneseitt luvcaid 

^lOT««aybeincoipo«tedintothe|io.^tte«c«atrix.toe^te^ 
fibromyoblasts. ectademwJ cells, mm^e cells. «te6bl«rts (i e. bone «ais). du«d««yt« ft*. 
cartila8ecdls).ead<«heltal cells. fibn>l|aste.pa^^ 
m«owcelb.ne««a«ate,Benitc^ 

^ ^-"^Uy enm^pped inti»4a n«mi.by additl^ , „h«ion crfiho 

^^pob^er pnor to admixture &e bio-polyn^ to fomi a cio«Hink«d Miogel. 
Aj™.tbeccl^canbaaddcdtoHu^^^ 

ined,«n,^aaacel]cultu«medi«nt>radfluted<«a«««&dv«^^ 
^^nisnuxedgeatbrlntothepoi^solmlon^^^ 

di5pe«adm,tesoh«tan.thenthe^gelisWdasdcscribeda^ «««aUrumfonnfy 

f 



12 
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20 



25 



and/or into tha matrix. Altenuiively, if &iis have been encapsulated in the bio-nuitru^ matrix 
oanbe<altiiiedmattaiipn>|matemediiifa . 
suitable time. TliopiBsftnt iiwealion oc«^^ 
Typically cell linps with «tendedlifes^ 

vascular cell as human vasc»Jarcmi«helialcells^cTOidIowih^ 

vessel-litostnicniresmoronihfiattifidaltissmoocski^ 

edl Una win bB seUcaal depending »p<|i^ type of 

« InnetvatieH ofArtffieial TissiJor Tissue SuMitute 

Tt»aitfficialtiss«eacooidiDgtotheplcntinv«rtitmisiiuw^ 
«ah«bMeda«ificialt™ 

aeh«v«l,^auturingtl«.-n|«^^ 
Aii««^ofasui.abfcnerveao«roe|sda«^ 

" " ^""^ T*^ ""^^ tiasue. T1« artfldal tissue is 
^tcdU,«»^«.ceofas«itab,eLturcmcdiua»for 

neandgcow,h.TliecuI«««„«diua.anfor,hebio.ayndx^^ 
J«mthftcto,.and«.^ 

bcu««,top^de6«dati<«.fthel|<.^^ 

n«ve-specrfic fl«o«««it marker, x«il^ii«iicate the exteitt of peuial in-growth. 



APKJCATtONS 



Tl«lm«vau«lmtificia|.i,3uasa«^ 

products wid iadiistriaJ jmsducts. t^^^Mo* 



i 
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I 

Tba atdfidal tissues can also be used a^ieseaieh tools for investigatian of the role of nerves in 
the various pnwMsses, soch as WDiUMl hiding. 

£ 

T 

In one embodiment of the ptesent inveajdom Oe innBrvated ailificial dssue is taaaad as an 

5 artificial comea. For ibis appUcation. tl^ tissue is based on a Wo-synthetio Buatix desisnad to 

have a Wgh optical transmission and lo^ Hght scattering. For example, bio-sythetic malriees 

conqniaing a qndtetiQ pNiPAAm-co-ZtAc co-polymer or a pl«P AAm-cso-AAc^o-N- 

aoylwqrsnodnimMetefpoljTOerandw^ veiy low light 

scatterin5andan»capAterf««nainiB^'otearuptDS5^1te 

10 «dmixa«eof&esynfl,etlcandbio-pol»n«a«ndi.g-eettonoffte^ 

mould. lfiequiied.dtt matrix can be cjosj^inked at niomtempenmiie. The 
tea««a»tuiecan<iienbBmisedtoah(«rt-37*Ctoal^^ 

artificial cotneas toed fiom the texp|w. cctensive ..asW^ 
l«r*«^ceinimidepiodneedl9rttecL 
15 J^I5««l««»dninsi„the«a.rixLao^ 

ocular^ initan«gr tests as a substiti«i|ihr cBneot animal mo^ 



S, JOTS 



20 



25 



30 



TliepmsentinventionalsooontemplatLldtecompiisiiwfhe components «^ 

innervated artifieial con«a. The Kts ^.q, comprise a suhable bio-symhetic oaWx. cett lines 

«-«^esa««^orcambu«ti«slh«moflTl.ekitsmayeampri» 

polymer, ivilh or vvithout attedwi bioletive agent*, and Ihe 

proportions. The Idts fimfaer comUe media, appmpriate culture addhives^ ccaaaineis. 
so.>^.oracomblnadonthe«of.4vidualcompc«.cntsoftheldtmi«rbcp^ 
contalneB. HiekitnMyftrthercomptlsB histructionsfbrnse. 



I 



forth. I^^'^dbeunderstoodthattheseexanqA^amforiUastnrtivepu^ 
tiiey should not limit the scops tfthisbvention in aiy way. 
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[ EXAMPUBS 
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EXAMPLE IzPXEPASAnONOFJBn^SOGEL^ 



Abbmiatfons 
KIT: 

PBS: 
D^PBS: 
AIBN: 
NiPAAm: 

AAo: 
ASI: 

pNIPAAm-co-AAc: 
polyQ^iPAAiiHso-AAc-cCKASD: 

OPC: • 



i 

ratt«tailtendoia 

<f|tfillpd» deoionised water 

p^sphate bufibred saline 

l^ilbecQO's pluosphate bufi&xcd saline 

a^obis-fsobutyxoiiitrile 

>|.iso|iiopylaaylB2mde 

a|EyIic acid 
Hf-aciyloxysucciaiTnide 
{opGlymer of NiPAAm aod AAc 

pplyxnar of N-iiwipropylacxylanude. CNJP AAM), aciylic 
L (AAo) and N-acryloxysucciiiinude (ASQ 
I penneafion chzcmatogn^by 



AU gcl matrices described in iho Exan|pl^ out bdow used sterile coUagen I, soxAt as 
telocoUagea (tat-tail tendon, RTT) or ^elocoUagen Cbavine or porcine). wHch can beprepmdin 
the laboiatoiy or msm conveniently i4avBilA commerciaUy (for example, :froiD Becton 
Dicldiisoa at a conccDlnKden of 3.0-3| mi/ml in 0.02N acetic acid). Such coUagena can be 
stcned formal^ months at4"C. Ihadidoa. sudicollagpn solutions migr be carefiiUy 
conccmtrated to give optically clear, v^Tdscoitt sohitionsof3-4iwt/vol % ooUaisen, sofmbie 
for pieparing more robust matrices. 

Collagen solutions are wOusted to pl^iaiological conditions. Le. saline ionic strength and pH 7.2 - 
7.4. ttuMieh the use of agaeous sodium hydtosdde in die presence of phosphaie bufie»d saline 
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(PBS). PBS, whidi is fiee of amino aeidb and other nutfients, was wed to avoid depletion of 
cnss-lliikinB nactivity fey side leacdontf with-NHz oontdoing mi^cules. 



10 



IS 



U Prtponeaan Of A CoOagen-^^AAm B^ga 
PNiPAAml««»opoJ3«er powder is aJ^ 
other polymeis w«e synthesized as ootjned bdowA 1 vrthrtm solaSan of |*BPAAm 
hoinopojymer in ddHjOxvas sterilised |yautodav«e.TWs so 
colleen solutioap.0-3.Sms/ad(wA,)[itt acetic acid (0.02N in M«rtcr](^ 
testtiii>aat4% hy^gepun«,inglo |iveconvletenuxingwi4outbubbtelimnation. C:old 
noting avoids «Qr premsture 88lifibati{n or fflwilogenesis of flie collagen. The oollagei.. 
J*«PAAm^.henpo««dover»ptoa^dish(unh«,edcul^ 

IcM mouI<9 and l«ft to aiMor under st?riiecc«iditionainBlsnd«„fUwl«^^ 
4««8tn>o«ten«,e,atuce. After dodflg|toconsfa«Awd^^ 

a»t*cv«s«movedWtfae mould, ^nioval of the matrix li^ 
««Ic-«^«ouIdi„.s,erilePBS«r|on.tBm^ 

tb» sohdum gives a gd at lavsiologic. I pH and K«ic Strega, s^^^^ 



« Pnpanthu Off A S^miheUe Te ^pofymer 

N-««y]oxysuoeuiinifdB (ASI). Tl»fe4n«>lar«aio^ 85:10:5 O^iPAAm: AAc- ASD thefiT 
«dicali„itia,orAroNaadtl.esoIva„l.}W^ AAm.AAc.ASD. the fiaa- 

J 

NMR.llieH,oftheteipolya«risS.6bciO*DabyaquaousGPa 



30 



I 



10n«/ml«J>PBS became o.UysU^yclo«dyat43»aFail«w,S«^velu»nopol,^ 
femedinthebatchpoiymerisationtea«ion(duetot!«NiPAAm,eacfiyitycoeffld^ 
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gteater dian that of AAc or ASJ) fiom iKe tecpolymsr gave aqueous solutions and liydrogels 
which dond at ~32"C and above. ■ 

A t«i»l3fmer.ooBteiDu«ltep«a YIGSR(anBrve cell auadunent motiQ. v«is 

q««fli«isedlv»riKing*ete|H>l3^ 

pentapeptide (YIGSR. fem, Novablocl^ in N Jf HBnurth^ 

the YIOSR peittapepfide v«« attached to tto xeacSw t^^ 

ASI gmups an. in iiage excess. ASI gJups m«aiBi«« af^ 

avaibUe for subsequent leactiou with |ollagen. 

J 

A c^ss^ terpolyn^r-collagcn ogd wasnuule by „uxi„g,,«tadised^ bovfae 
colL^a^«l)with,heten,ol,anartf«paredin sections 
^nuK»g. After ca«fldsyringe|L.|«ug«o 
^q«o.sw«„„ectedintop,a,.ic.4ct^^ 

M^t^^ofre^dualASIg^upstoAog^^ 

37Cfor24hou«lnlOO^hu«idityeivi„,«.ent;togiveafinal,^,,,eJ^ 
haveafi»diM<*.»ess between ^thermo-^ 

r**''^"^'-''*r^'^"^-^'*°»^^ N.hyd«,x,.ucciniaude 
Produoedn,a.c«,ss4inki.«««ti«n^t^ndna.edan^ 

conveRwmtoaeayUcacidgwups. [ B™up8inxncinHtn3e.by 



SUGcioimide lesidues left in the 
detecticm Uiuit after washing. 




weue below the ]R 
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1.S PrepanOton Of A Hydrogel Co^VisingA BiotuOlve Agent 



CrosS'Hnkcd Iiydrogeb of colIagen-teip|lyiner compriaiiig YIOSR adhesion feotor were 
P«^»iired by thisroughly mixing viscous.keutraUsed 4% bovine eoUagm 0 J ml) wilh terpolymer 
10 wfaidi lamimnpent^Kptide (YIOSR.|<«ras oovalenay attaelied Cfram Section 1 J; 0.14ail. 100 
ne/ml) at 4«C. ibDowing the jtrocedoKUesonbed in Section 1,4. 



1,€ Cut^puismt CfTheftgalealR-epaUes Of J^dngei Matrices 

Cbllagen diennogels (pawd at 37^( wiflmut any chemical cross-linker added) an fiaU and 
rcadily collapse wi break. 

HiB fcUowine properties of 11»liydiogekp«spaied as desedbed in Bnunples 4 and 5 indicBte 
that dtsy ere oios&-linked: > 

• water insoluble. : 

• «n»genowBii to snppohsutgical manipulation wi^ 
IS • lelottvelyflenblBitt 

• «»«wmsw»anlnc«Baajinsli^ 

testing Iqr twa- >t2 on g|lng to .^^fei^SI equiva^ 

■n.Biyd«,gefap«paicd aa described i«Section 1.4 and 1.5 have Wtfi optical transmission and 
20 '«ylowligttfscatterinfe«nqaraWctjthehHmancomea.asmeas»^ 
matianentliatnwaauwst^anandssionLds^ 

eonasen. pNBPAAm homopo|ym« ipf Cas described in Section M; X.0 : 0.7 to 1.0 : 2.0 wt/vrt) 
v»ete9P«»qpent37^ In addition, ti»|kiPAA«heB«,p^ 



25 



out into aqvBQiis media, indudii^ fisy. HologleBl luiuids. 



EXAMPIE2. P'^CnOlMLlNl^VATiat.rOFATISSVEBNGmEBKmMVM^ 
COSNBA 

2.1 Tissue Engiueerlttg Innervate Cpmaa and Nerve GrowOi Patterns 
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Cea lines With «ctnnded liftspam [M. diffith er «i. Science 286, 2169 (1999)1 ^ used to 
devdcv tissue engifreared (TE) fMfi^ 

included a SV40 immortalized coiaeai jp^tlwlial cdl line known io have tbe apptapasot 
«cepta« (neurofctaia-l. NKl) for the Sjibstaace P (SP) aeurotransndtter pc AwW-Sasafci a oL 
J. CaiFhysiol 182, 189(2000)1 and h|nmnpaiallom» virus (HPV) 16 E6E7 inunoitelizBd 
conual slIan»^ corneal endothelial andihnmaa umbaical vein cndotheUal oeU lines (HUVECs) 
IM. OrifBh, ef <,i.ihJI&,AoAito2lw«|^ngi>««*^ A. Atala, R. P. Lana, Eds. (Academic 
Press, San Diego, CA. 2002X Chq>. 9]i 

Dorsal rootgiH^(DRO)di«ectedfr6meisht day oWdUoke^ 

"'Z,''^"?""*"'"^'""'"^' coJl^cn-contsinloghydrog^ «mservedasa«al«al 
wiflan 11« cent« of ,^ch a ci«nea vras 



^ .^«uaBenased.^a«i.ji«^^ ware embedded in adngof ne«ralised. 

gl^netenninadon)andll»ermo-eellecat37»Cfor2hou».Aconu»v« 
cola«cnr^usk«ablendofneutral4d^el«^teil^^^ 

i««»««».««»e«»wth<,f«^t^^ 

eonce^tx^„s««««A,gfic«^ 

cros.ln^^a.0.02^.^deh^K^^^^^^ 
«q«ea«, (w/v) solmion (detdls in M. ^ 

Op^ oonce^rations Of I „M xefl achate (lU: 

ftctor(^aP;Sigma)^added.oti;,wa,n«^ ^ 
mduce ne^e m-^ ^*«'-^«^'U-ce. the constats 

anair-IiquidaWBtfece&ruptolOday&untilused. ™iWBBa8t 

30 
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Whole mount inunwofluomscence with nerve specific anti-neurofilament antibody markets was 
used to anfl^}» &e inn^rvalioa of the az^ Qcial oomea. Cornea constnicts were fixed in 4% 
parofonmildeliyddin 0.1M phospbitetn^ Fered saline (PBS), and then penncdjmzed by treatment 
with REPA detergoit (150 niM NaCl, 1 |i iM ethyleaediamine felreecefio acid CBEyTA), 50 mM 
Tris, 1% Nonidct P-40, 0.5% sodium xychotete and 0.1% sodium dodecyl sulpliate) ftw 20 
minutes- They weio rinsed in Tris buff| td saline (TBS), and incubated with anti-newrofaament 
200 (Sigma; diluted 1:40 in TBS cmtsah ing 0.6% carrageenan and 03% Triton-X 100 (TCI)) 
ovBr2OT^at4'C. T*econstwctsv^e then jtnised in TBS and incubate 
coiyugatedsecondaiy antibody (1:200 TCT;AmeishTO)forl50niinulesatiora 
(RT), Negative controls were incubate^ yaihomttopri^ 
staining of DRO and neural tube ejq,la&^ 

human corneas were demonstrated in f^rioated corneas. Nerves bundles fiom the DRO within 
thescle»lacaffi,ld coursed through A|iom 
finerbianch«stofoxmapleKUs(r^.2|AbdowAcb^ 

maiVbundlesoftiUanervoplexttsxiwI^dtoe^ ' 

e fibres fiom &e fiub^lhelial network 
(Fig. 2D). Tranamissdon eieotxon microscopy (IBM) 
- coineal epithcUal cells (Fig. 2E. P). as previously 
L. Pels, Q. F. J. M. Vrcnscn, Invests OpfukahnoL Vis. 
cells receive direct innervation. 



right angles. Both beaded and smooth 
target and migrute within the ^ 
diowed terminal netve fibres invi 
described fiir human comeas IL. J, M 
Sd. 37^ 476 (1996)], snggesdog tiiat 




M Nerve FotenUah ivUhl 



I nssm Engineered Cormas 
Sodium chamu^ are integral to the gei^nofner^ 

25 !2T^"kT'"'''^'"^"^^ 

25 wrthm the epithehum to cause the releAie of ueurope5)tides. 



Immunohistochemistry was conductewy 
parafoimaldehyd^fixed constructs weli \ 
in Tris bufifer containing 03% Triton X 
buffer, tissues were incubated ovemigji 
sodium channel antibody (Slgma)^ at a< 



)n the innervated ertificial corneas. Briefly, 
^ rinsed m 0.05 M Tris buffer. pH lA and ^eabiUzed 
•100. Followtogblocfcins with 10%normai goat serum in 
at 4^C with Ao primary antibody, monoclonal aatt-PAN 
; ffilmion of 1 :25 0 m Tris buffer contauiing 2% nomml 
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30 



' P 

gwt serum. Tlie tissues were then rinsed thiaou^ 

d0^ltiottofseeond»y^llllibo«ty.go«tlm^.^^^llTO^ (Moleeular Probes), In "ftU bnfierfor 

90 niimites prior to visualization under korftseenoe miccosoopy. Sodium cbannek wen 
observed in the nerve fibres of the IE ^nieas (Hg. 3A. B), indicating diat ibe w«ma most llke^ 
posseaa the machingy nacessaiy to be feaatable ami faneWnnnl 

f ' 

MiBCt etectrophysioloeleal »eordi^s 4»m the eonteia epitfadium was ihnefoiB conducted to 
confiraflBttMnfebundlesfitewiaaintbliaoomeawciB^ 
aelionpotentialathatw^eevDtodlvstowlBtionrf^ 
enpneered««easv^trar«femrfin»aniate*cer^^ 

sahne contanana (in Nad: 126. ^CI: 3.0, MgSO,, 2.0. NaHCOs: 26, Na«JO. 1^ 
CaCI^: 2A d«ta«e: 10. oxygenated «Sth 95% 02/5% CQ2 at room tenq,erat«re. Cahodll 
s^oactf 8«gU™» cellch««s w^ doaeusing 
s»fe«and,^sqnar«wav«^^ 

tfAestonlatrontoihaxeooM^ 
c^o^dftevetys^na^aetion^^^^^ 
-^««^™»con.edbeiJ 
^xe^o„^inlldocaioetocc»^re.^^d^^ 

BmvortanttotheWtionofthecon|e8lnerveending8 

I«di«gm«*l»toon»as.Toi«stwhea«rtfai»effectv««„p„«l^^^^ 

^epithelialwoundswercc^inTBcoa^ascon^ 
2un^o,csurer«esweremeas„red.T:a create 

>^pWontheepitheliumcfeaehoonstr«a.aaowed.o«U««^ 
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-leadevorf of epithelial c^lls. as d^ed lvscanrfr«dact«mn»^ (SEM) on widom 
samples. Wound closure ^eHepia»cUaIis|tion) was detennined at 0. 6. 12. 18. 24. 36. 48 and 72 
Wspost.v«WinebynucroscDiv.w^are»caloiUatedwingBi^ 
sofhvaw. Mean mitial wound areas of tfte imiervatea group (6.68 ± 0J7 nW) an^ 

-«»«^^a^developed. Since ^h«^ 

v^und edeefliat caarnig«teintoti« wb^doriauIiU^y to cover the^ 
l»»liogpaBmieterw«wind<5Hadert|ft^ 

3» =---^-"~"-v«"^^^ 
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During eooea moind lieaUng. nntropq&des sodi as SP are released fiom neive tsaxmais and 
are bdieved to pnmote liealiog 9£kot5 Associated wt&coi^ 
Cell Fhysiol. 169. 159 (1996); M. NalcaLun. etal, Ctor. £)>e Rbs. 16, 27S (1997)3. 
FurthBimore. liie absence of nAuropepti|» in corneal nerves has been conelated dOgyed 
coEoeal woundheaUag [J. Oallar. erol J/mr«t OphthatmoL Vis. Set. 31. 1968 (1990)]. SP has 
been ^wn to exeit a stinnilatoiy efitej on com^al epithelial celt proliferation and mlgratbn [J. 
Oa«da.Hliaohfidd,««l.figR^ajietfe9. 597 (1994)^ 

159 0996)] via thoNKl Noeptor [M- ifakamua jr BharmacoL^ 120,547 0997X1 ^ 

to pbgr aiole in qntheiial edl adhesion^ 

I 

To BlMtafinurtioadxesponse 3u«* as |p release, innervated TBcomeaoons^ 
^capsaiein«rv««ttridinc.Briefly.i|nervatedtisa^ 

total <rfMaa<tfSHfiM«miaIninB«^l>«een«Oandl.^^^ 

'^»>»'*CwAr)«P«Icrn.or2)50HJ^v«atridlna.At0.6«Hl241^ 

content of fliemedium was measured x|rineasubstancePspecificco»^ 
m»«noassay(ElA)ldt(Penin3nlaLal|.ratort^^^ 

«o«i in oapsaiciiKteaied satnplcs W observed ovar 24 houn, compared to capsatdn-ft* 
«»««^.CKl^4C5.IM&rendalSPrel4«e^^^^ 
oonwi fflu^gst i«w,««ad con««I 
vehicte onfy (Fie. 4D). At 6 W pos|t«ato^ 

xeIea«^ «*etea8 at 24 to. both cWcin and veratri^ 

C^psaicinisaneuiotoxintl^depletJsPfiomperiphe^^ 
P«^»™*^Pe«i«mnu«haaism 

^ «^S»*«-«««tonervctcnnJnalil^<q^„g^^ 

ni«nb»naCI.K.Neuberterrf.iiW«^f?« 87l,l81(200q)].Boftsodin«channeMep^e« 
^d«dependentmech«nlsD« of SPreLse^ere Observed intteinne^ 
Nerves into the TB cornea .vio thet«fo«, capable of botl. responding to dwnOcal 

stunuliandconductingactionpotentiaisiBafeshionsinmartonalh^ • 
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The presence of nerves in the TE come^ was able to protect the epitbelinm from chemical 
indtation. Ennanrnted and non-innervatep constructs wore eaqiosed to a nineture of S.59i Tweeit- 
80 suz&ctant and 1 .3% ettianol in SHEM medium, and five/dead cell counts were perfbmied 
(Flg.SA,B). Six^-tviropereemofsainb!edc2eUsiw 

oompBied to innervated constnicts in v|iich only 11 % ofcellsw^ dead (n^ 3 each; p< 0.05. t- 
lest). This Mras consistent wfih the dcn]|ynstiated lole fin: nerves in the homeostesis of corneal 
epithelial cells in the human cornea. | 



10 



15 



EX4MPLES^ JNNJEHVAllONOr, 
3.1 



lUFfdUJL ItSSUES RASBE^ ON WO^lNTimTlC 



JPUrii^PafyaciyiamuXit J/oirb 

A ffally inneivatcd cornea surrounded 1 y ^pseudo-scbia waspittpared using alno^thettc 
matcbc as described below. To encours gc both innervation and angiogenesfs, me pseudo^lesa 
ivBs constructed by adding HUVECs afidDRGs Into a blended fibriuiiolyanude-laminin 
acafibld Like ihe natural oomea and a|leia, the oomea was avascular, while the sunounding 
sclera contained both nerves and bloo<| vesse^Hke stnietuies (Fig. 5C). 
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The oo^ymer. polyO^^a^miqrliua^iimui^^ aoid) IpOyQ^AAmKio-AAcyi, was 
prepared by coav«ntioiial fisMadical pidymerisatiim ofNIPAAm 10,75 g (?S vmel} and aoiyiio 
acid 0-36 g (5 mmol) in benzene with ^tiisifnbu^nitrile (AIB^O m «e InHiatar. Hie leaclioa 
can also be conducted in l,4.dioxan8.arhe piodwt (78% yield) was cbdmfitaiiz«d by GPC 
(molecular weiglits: M„ = 41 039j M« p 70 968; GPC was run in distilled water at 30^. 
caliTMatedwiflipolyethylenaglycolstiUads). 'H^«MR was used to detenniae die monomer 
nuios afiw tbe polyiDei*s aayUc gioas Is bad been metl^laiad by BFa-McOH ic^geot. lliia gave a 
composition of 95Jinok%NIPAAi»{ and 4.7iBolB%AAoaftepurific^ 
precipitalioa to remove traces of homopolymer. Very similar vahias fiwr die pudfied compositioa 
were obtained by back titnifian. The ikPAAnx -co-AAc at 2 mg/ml has a lo^e, critical solution 
temperature (LOST) of 54«C in PBS md 41-C in ddHaO. Failure to xemova homopdiymer 



24 

f 



CA. 02397376 2002-08-09 



rizatiotifeacjc 



fbmiBd in tiie batch polymerization fcac^ion (because of tte NiPAAm xcactiviiy coefficient being 
grealer lhan diat of AAo) gives aqueous ^oluti ens of the product ^ich cloud at •^32°C and 

above. ,* 

I 

A solution of pNiP AAiupCo- AAc In dd^2^ ^ steriHzed 1^ eutoclaving or fihering and fhis 
sohitioim is stable to s^ungp at looin teuyieniturd fiir nutny inonlii& 

€:eBs aud kimwriaiiziaaon \ 

Human umblUcal vein endothelial ceUaptUVECs) were plated on gdadn-coafiedtissueH^nitUEe 
dishes in medium 1 99 supplemented wpi J 0% feta] bovine scrum (FSS), 90 mgfl of heparin, 
2mM of Lr-eJutamine and 50 mg&nl emiothelial cells gtoivdi si^planents (ECXISX WGF (50 
ng/ml) and BGF (10 ng/ml) and 10-12 jLps of 10 mg/ml of gentamycin {HUV£C medium). 



Primaiy HUVECs vrera Imimixtali^ 
£6 E7. After 48 hours, the vital : 
HLTVEC medlunu\Sar splitting die < 
antibtotxc - Q41S) vras added. Oiit 
G418^elected calls weie then grown 1 



>uefa v3nd inlbtilon widi ifoman papilloma virus HP16 
w«ze lamoved and the medium ceplaoed witfi the 
1, selection medium (HUVEC medium with 400 [igAnI 

r maintained in selective media fiMT 7 days. The 
t HUVEC medium and farther cacpauded. 



Human tdomarase levei^ transcriptai^ OiTEKI) were used to veKfi^ the telomeiase activi^ in 
the Immortalized cells.Endothelial cdt phenotspe was verified by the di-aoetylated low dens»y 
Kpoprotein (di-Ai^LDL) uptake andpr|sitivity to fectorVfflHtelatedantigBn antibody Vy 
immunocytochemistcy. \ 



Fi^tin Matrix 

Fibrinogen solution (3 mg/ml) was pr^ared by dissolving JSbrinogen in Hank's balanced salt 
solution (HBSS) with Ca^ and Mg^.fThe tested soludon was then sterilised by filtering 
through a 0^ lun syting^ filter. Thrombhi solutions vreie made by dissolving thttimbin in HBSS 
at a concentration of 1.75 m^ml. 
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Hie fibrinogen sohitian (SmgAnl) was nfixed with Oe ^ombin solution (1 .75 tasfaX) at a ratio 
of 1 K>.03 vAr in wdls of dtSSseat sizes. fVUlitn a miiurie. aaymaHa polyaudzadon of fibrinogen 
gave fibffn gds under gentle t^tetioii a|37 «a 7b xncMpoia^ 

nuttrix Old to induce angiogenesis, eodopielial cdls wese fiisdy seeded on tibe bottom <^ gefaoLn- 
5 coated wdJs at high density to provide f|conflaent monolayer at 48 houi& Hien, 5 x 10'* 
endothelial cdlsAnl were dispersed in fi|}rinogai solution prior to polynuri^tion. Fibdn gels 
were obt^ed again within a nunote. | 

10 Khiinogen CSmgtail) was dissolved in Hai&'s balanced salt solution (HBSS) with Ca** and Mg** 
and conOrfacd wOh 0.5 WpolyCbBPAAAHjo-AAo) (NiPAAm:AAC= 95:5) inHBSS at aiatio of 
1:1, m Qw piaaenee of dvombin (1.75 zafiUI in HBSS) at a tado of 1:04» vAr to allow 
polymeriation. To Ineotpojata endofli^ cells in the matrix and ta Indnee aw ^py »sfa 
eodothelifd cells were first seeded m mo bottom of gelatin-coated wdls at bi^ density so as to 

15 piovideaconfl«entmonolayerafter48jhottrs.Thtt», 5x lO^endotfaelial oeUs/imlwwedispeised 
in Ae adutioa prior to polymerization &s des(aibed above (sea Fig. ^ 

3Ji,S JhuenaleaQmutiAiidScA 

DoBsal root gmfl^a woe dissected fioi^ 8 day old chicken embiyDs and embedded tfareo- 
dfaneasioiHllyiasidelfaeFibrin-t- PCt^AAiD)^AAogdswiailO|jdAnlofiamininand 10 
MlAnl of nerve growth fectw (NGF). Ttie eonstrurt was siTOi^^ 
niedSmn contdning 2S« B27 and 1% soppbrnenta (see Fig. 7). 

■\ 

3,1,6 Deteeean tsfJUTeiattoprotebums 

ZymographyhastheadvantagptiiatltkadditiontodBtecangeniiymeactiv^ 
provide Infonnaticn about the molccuKir wwght of an enzyme and so help identify the en^e. 
To achieve tiiis dissolved gelatin is in<ioipotated into a polyactylantide gel, sample added to 
the gel, sepuated by electrophoresis aad the gel allowed to mcubate for a wiiUe to allowibe 
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enzymes to degrade liua gdaiuu Whea dte gels ace stained fbr pzotdns clear lysis bands aie 
apparent ^heie tfie metalloprotein&ses h^ve degraded ttie gdadn (see Fig. S). 

3.L 7 Cdnclusions ^ 

Expiessioaof telomciasc acdvityr in itm^iortalized MUVECs was demoxistrated. Tclomerase 
activity was not detected in the pximaxy kuVECs indicating that it was possible to immortalize 
HirVECs TO ohtam Jaige mimbeis for as a ceU source for 

I 

tamoitaKzBd HUVECse3qpre3sedFac|irVmind«tedaBtlg» and took iq»M-^ 
maricon of endoliielial origin. The immbttaUasd HUVECs line tessembled nonnal HUVBGs 
lines, axcept that they fiulBd to seaesce|ThBpfBservationof anonna] pfaenotypeiaimiootlalizMl 
HUVBC allows use of these cells in tiafeue engineering to lealistioally mimic native dssiies. 

FlIaiB. IWAAM and P<?flPAA»^AAC w« used 
IS tfa*e-dimensional<mitu«ofHUVEC3|Thelwd«^WTOabtetoii^ 

cells. inducBigp«,lifenrtion,mierationiHUVBCs ae. tWote, able to foin. blood vessels vifliin 
the matrioes indicBting fliat 4e polym^ have no toxicify towards Ihe cells. wMeh is iD^ottant 
Ddl cukuic ig^Hcations. limervale jif ti« 

i 

20 'n»"»«lanoi«otC8sw.l^-2andMMP.9.i«w 
aeHte^phils w» added oativ cfniahlc, Indl^ 

[ 

3.2 CoOagen-PefycuiylamttfoMMc 

AcollB8aik.poIy (N-l6oproByliH>li,a«3^^ composite v« prepared bjrblendii« 1% aqueom 
po^y-N-i3opropylacryla«idei«ith0.39|tspBlnitteflcoltagBninO^^ 1:1 rsOo 

(v/v). This combined solution was dri|d down at 20-C to give a tfaeimogel. wbioh was then 
mhydrated in PBS to give approximatlly 1 50 - 200 Mm thick hydtogel composites (10% (wAr) 
total polymers). Of this matrix to Wiro as described above wsultediaacnritegittw^ 
polsnoner scaffold was observed In vftra (Fig. 5D). 
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BXMPt£4: COnSTRVCnON OF jsiSSVEENOnmERESHWMAtr CORNEAS FOR IN 
VITRO TESTING ' 

Un^ wiith extended lifespww (7) w^ed to develop TE corneas as substrates for nerve 
iaservatlon inchuted a SV40 imioottali^ corneal epi&elial cell line known to have Hie 

humaapapiUOTtt vinis (HPV) 16 B<as^iim 

endotlnUal ceUs (9). DRO, isolated by |ol]ageiiaM dl0»Uoa nod mieco-diaseetiiai, woe 
embedded in a ring of neutralized. <ypeH lat tml tendon collagen (0.3% (Wv, BectonhDic^iiisoa) 
windiliBd been previously cross-linkc^ with 0.02% v/v glutaraldefayde (followed by glydne 
10 tamiiMttioii)andflienaetmo^edat^7^fer HmtservedMapseudo-sclem. A 

cornea vms then ficbneated vOhin tfais ^enl collagen ring, using a blend of neutralized typt I lat 
tail tendon eoUaeeaand aiondioidn.^4aIphale 0.5% w/v. Sig«a).that>«B A lamin&i (Bectan- 
Kcldnsott) gtadiem T«s cieaied withii|tto sia^ 

epithelium. Three layers wete made wk concentratioas incKasit« fiom bottom to top (0^ 10 
15 and 20 jigAnD. Uris fonnulalion was i4n cross-llnked wilh 0.02% glutaraldeMa Resldnal 
aldehyde gcoops were leacted wilfa a 0|B% aqueous glycine (w/v) solution. The constiuel vvas 
lhenthemio.gdIedlvincuhalifl«n.at37|Cfor2houis.Tl»cult^ 

modified 8HBM medium <ll>«mtain^2% B27 and 1%M2 supplemeots (Life Technologies). 
Optomized conccnbations of 1 nMieti^ acetate OSA; Si^^ 

fector(NGF; Sigma) we added to th|grovrthaediumandtq,percoM ^ 
induc»nervei„.growth.Aflerepiiheliil confluence, thecoiu*^ 
at an air-Iiqi^d inter&ee fbr to 10 dfors until used. 

AIamininCBertOi*-DicIdnson)gmdie| was created 

25 necveatowariaftecpiAelium. TlweeSayeis waeau«Ievntb«»cemartonsinB«asinB W 
bottom to top (0, 10 and 20 M9^). I 

When polymers are tested for biocompadbility end their potential for host haegtatioo, they m 
"implantad" into this fibricated comei by embedding during the construction process. AU except 
the outer coovejc surfcce of fliebydioael is embedded wftWa the stHsna. Ihe outer swfece is 
oqiosed to test for epithelial cell coverage. 
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Results showed that cwrent mJhgeAtBt^^ pentapeptide saxngiles were able to 

support stultified epithelial coverage, anl stomal cell and nftrvc la-giowOi in culture ovcx a 2-3 
vfeek culture paiiod. Collagen-teipolym|r aloi^ at some concentrations only allowed 3pazso 
5 epithelial coverage, and in fiome 8ample| no cellular in-growth into the faydrogel, 

Tho invention heing thus dcBcribed, it v|u be obvious that the same ns^ be varied inma^y ways. 
Such varfations are not to be regarded a| a departure 6tm the Qiitit and scope of the invrailon, 
10 and all suiih modificationa as would be 6bvious to one sldlled in the art are ustended to be 
included withui the scope of the fbllowlie claims 
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TABLE 1; Blood Vessel Foraiafiin| in DUTerait Mafriises 



\ 


iTwenco ot tuo89 


Loii£6vity (ooGur rence 


FibriirfO^% P(NIPAAin>co-AAC(|:0.1) 
FlbrhrfO^% P(NIPAAni>co-AAC(|:l) 
Fibrin+0^% P(NIPAAin)-©o-AAC(fc2) 
Flhrin-K).5% P(NIPAAni><0rAACrfi:3> 


++ 

4-H- 

4- 


•>10 
>10 
<7 
<3 


Fibnn+i% F(NiPAAm}-cc>-AAC(1: 
Fibrtm-m P(NIPAAm)-co-AAC(l : 
Fibria+1^ P(NIPAAin)-co-AAC(l: 
Fibfinri-m PCNlFAAm)^AAau 




4-f 

4* 
- 


>10 
>10 
<7 

<3 


Fibrurh2% P(NIPAAni)-co-AAC(l : 
Fibnn+2% P(NlPAAin>co-AACCl : 
Fibriii+2?^ Pff^nPAAm^co-AACCl: 
FihiixM% P0^PAA2n>co-AAC(l; 


0 

P 

h 


+ 
+ 


<7 
<7 
<7 
<3 


FIbriii+3% PCNlPAAm)-K>.AAC{l.i 
Fibriii4-3% P(NIPAAni)-co.AAC(l^ 
FifKrnk4-3% F(NlPAAm>co-AAC(ld 
FibruH-396 P(NIPAAin>^AACa3 


I) 

^> 


+ 
+ 
+ 


<7 

<7 
<7 
<3 



-H- : Msny blood vessels 
+ : Few blood vessels 
-•:No blood vessels 
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TABLE 2s Blood Visssel Forniuiiioi! in Different Matrices 









; Presence of tubes 


Longevl^ (oocummce of 


Mbnn ' 


•Hr . 


>10 


VThAn-M S^A PfNTPAAm^a:0.n_ 




>10 


Fibrin+0.5% PmiPAAm)Cl:0^> 




>10 


FibriirH).5^ P(NIPAAm)( 1:0:3) 


+ 


>10 


4+ zMaqyblMd vessels -t* : Few blood 

1 


/esfloXs 
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THE EMBODIMENTS OF THE INmNllON IN VmiCH AN EXCLUSIVE PROPERTY 
OR PRXVILEGE IS OLAIMED AREIDESINED AS FOLLOWS; 



1. A method of in vitro toxicology totted using aa iniiervated artificial cpmea c^nipp^rc the 
steps of oonstruotiiig said cornea i 

(^) a bio-symfaed e matrix compikii; |s a synthetic polymcx and a biopolymei; 

(b) one oroum cell line^ end 

(c) ancarve sowroe; and 

and contacting said coniea wiUs ale^ substance. 
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Figure 1 
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Figuro 4 
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Figure 7 
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Detection of Metalioproteina^^ 



Samples : 
Well Sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



MMP-$ (2 |g) 
MMP-9 0(|ng) 
Activated mMP-9 (2 ng) 
Neutrophil| (Collagen) FMLP 10"^ T = 4 h 
Neutrophil! (Collagen) ™^ 10"' T = 6 h 
N6ut)fopliIl| (Collagen) FMU» ICT^ T - 8 h 
Neutropbils (Collagen) FMLP 1 0"* T = 4 h 
Neutrophil! «' (Collagen) FMLP 1 0* T = (S h 
Neutrophil! i (Collagen) FMLP 10"* T » 8 h 
Neutrophils ■ (CoUagea) FMLP lO"^ T - 4 h 
Neutrophibj (Collagen) FMLP 10'' T = 6 h 
Neutrophili| (Collagen) FMLP 10'* T = 8 h 
MMP-2(l|iig) 
MMP-2(2|i^ 

!• 
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